Introduction
Intracranial hypertension (ICH) is one of the fundamental problems in neurocritical care. The Columbia stepwise protocol for intracranial pressure (ICP) management is generally accepted.
1 When first-tier therapies-ventricular drainage, sedation, cerebral perfusion pressure optimization, and osmotherapy-fail, second-tier therapy must be initiated. Second-tier options comprise hyperventilation, decompressive hemicraniectomy, barbiturate coma, and therapeutic
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Abstract
Intracranial hypertension is a commonly encountered neurocritical care problem. If firsttier therapy is ineffective, second-tier therapy must be initiated. In many cases, the full arsenal of established treatment options is available. However, situations occasionally arise in which only a narrow range of options is available to neurointensivists. We present a rare clinical scenario in which therapeutic hypothermia was the only available method for controlling intracranial pressure and that demonstrates the efficacy and safety of the Thermogard (Zoll, Chelmsford, Massachusetts, United States) cooling system in creating and maintaining a prolonged hypothermic state. The lifesaving effect of hypothermia was overshadowed by the unfavorable neurologic outcome observed (minimally conscious state on intensive care unit discharge). These results add further evidence to support the role of therapeutic hypothermia in managing intracranial pressure and provide motivation for finding new strategies in combination with hypothermia to improve neurologic outcomes.
hypothermia. Intensivists and neurosurgeons often pursue a strategy involving a combination of second-tier ICP correction methods, but occasionally only one of these methods is available. We present such a case in which mild therapeutic hypothermia proved lifesaving as the only available alternative.
Case Report
A 35-year-old white man presented with obtundation, right hemiparesis, headache, nausea, vomiting, and acute bilateral blindness. He initially presented to a peripheral hospital where magnetic resonance imaging (MRI) showed a sellar region tumor with evidence of tumor hemorrhage (►Fig. 1).
The patient was transferred to our institution (a tertiary referral center) with a diagnosis of pituitary apoplexy. On arrival the patient's Glasgow Coma Scale (GCS) was 9/15 (E1V3M5) with episodes of stereotypic movements. There was a marked right hemiparesis with a Medical Research Council grade 3/5 weakness of the right arm proximally and distally and 0/5 weakness in the right leg. The left side was normal. Visual examination demonstrated a bilateral amaurosis with right abducens and bilateral oculomotor palsies. Panhypopituitarism was evidenced by bradycardia (50-55 bpm), reduced intestinal peristalsis, mild hyponatremia (129-132 mmol/L), and low levels of circulating adrenocorticoid, thyroid, and gonadotropic hormones and insulinlike growth factor 1. Blood pressure (BP) was normal (120/80 mm Hg), as was his respiratory rate (RR). Treatment with hydrocortisone (400 mg/day intravenously) and levothyroxine (3 μg/kg/day via nasogastric tube) was started immediately.
The following day, an endoscopic transsphenoidal removal of the tumor and attendant blood clots was successfully performed (►Fig. 2). An external lumbar drain was inserted immediately prior to the procedure. A further drain was inserted into the tumor cavity following resection for postoperative hemorrhage control. Histologic examination excluded pituitary adenoma and instead confirmed a diagnosis of pilocytic astrocytoma. The patient was successfully extubated in the intensive care unit (ICU) 3 hours postoperatively. The right hemiparesis and visual loss were unchanged.
The patient remained in the ICU for 12 days. Lumbar drainage was removed on the second postoperative day; the tumor cavity drain was removed on day 5. GCS improved The patient was discharged on day 12 to the neurosurgical ward where rehabilitation continued and the patient was able to walk with assistance. Sudden cerebrospinal fluid (CSF) rhinorrhea occurred when the patient blew his nose on the postoperative day 15. A combined intranasal spray (polydexa, comprising neomycin, polymyxin B, dexamethasone, and phenylephrine) was administered. The next day, the patient experienced a generalized seizure despite prophylactic antiepileptic valproate therapy. Seizure activity was terminated with benzodiazepines, but the patient's GCS was 8/15 (E1V2M5), and he was intubated, ventilated, and returned to the ICU. Brain computed tomography (CT) showed pneumocephalus (►Fig. 3).
The patient remained comatose despite the absence of epileptiform activity on continuous electroencephalograph monitoring and treatment with intravenous valproate and levetiracetam. Postoperative meningitis was suspected, and broad-spectrum antimicrobial therapy with meropenem and vancomycin was initiated. The patient was transferred to the operating room where a lumbar drain was inserted and a revision procedure performed to identify and stop the CSF The decision was made to initiate therapeutic hypothermia for ICP control. The Thermogard XP temperature management system (Zoll, Chelmsford, Massachusetts, United States) was used with a heat-exchange catheter inserted into the right femoral vein. The target temperature range of 32.0 to 32.5°C was achieved in 3 hours. The ICP normalized from 25 to 35 mm Hg to 10 to 15 mm Hg over 1.5 hours. Attempts to rewarm the patient initially at 24-and then at 48-hour intervals after induction of hypothermia failed due to ICH recurrence. Therapeutic hypothermia was thus continued for a total of 7 days when a trial of rewarming was successful and after which the patient was fully rewarmed over 48 hours. Repeat CT scanning (►Fig. 5) showed patent basal 5 Axial head computed tomography following cessation of cooling after 7 days. Mild hypothermia was continued until the patient was able to tolerate rewarming without refractory intracranial pressure spikes. In our case this was a full 7 days, at the limit of the maximum advised duration as recommended by the manufacturer.
cisterns, resolving pneumocephalus, and reduced brain edema. ICP remained stable at 7 to 15 mm Hg, and the external ventricular drainage and ICP probe were removed. Mean MCA blood flow velocity reduced to 70 to 75 cm/second. CSF cell count decreased to 4/µL with correspondent reductions in lactate (4.4 mmol/L) and an increase in glucose to 5 mmol/L, and meropenem was discontinued. Mechanical ventilation was continued, and the patient was hemodynamically stable. A trial off sedation revealed a GCS of 10/15 (E1V4M5).
Following this acute stage, the patient remained in the ICU for 62 days. During the initial 19 days, GCS was 12/15 (E1V5M6) after which time the patient opened his eyes spontaneously but was in a vegetative state that persisted for 33 days. Hydrocephalus developed, requiring ventriculoperitoneal shunting on the postoperative day 49. The patient gradually became able to follow simple, repeated commands, corresponding to a minimally conscious state. MRI revealed extensive white matter changes and findings consistent with resolved intracranial infection and the consequences of brain edema and herniation. The patient was transferred to a rehabilitation unit in this condition.
Discussion
The patient described here presented with pituitary apoplexy secondary to intratumoral hemorrhage in a pilocytic astrocytoma, a rare entity in this region; pituitary adenomas are a much more common finding. The extent to which truly sterile surgery through the nasal cavity is possible is also debatable. As a consequence of these factors, prompt recognition and treatment of postoperative meningitis is extremely important in cases treated with this approach. Early recognition of meningitis can be difficult, and a role for indirect detection including serial TCD measurements may exist.
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Diagnosis in this case was relatively straightforward with CSF analysis unambiguous for bacterial infection. Our patient was treated optimally, with broad-spectrum antibiotics administered until a specific organism was cultured, and the CSF leak identified and closed surgically in a timely fashion.
The postoperative period was unfortunately complicated by severe ICH, refractory to first-tier therapies and necessitating consideration of second-tier options, namely hyperventilation, barbiturate coma, decompressive hemicraniectomy, and therapeutic hypothermia. Although decompressive hemicraniectomy considerably enlarges the volume available for brain expansion and is effective in reducing ICP, 7 its effect on neurologic outcomes remains a contentious issue. [8] [9] [10] Because hemicraniectomy necessitates duraplasty, this option was contraindicated due to fulminant meningitis. The foreign material required by this procedure would immediately become a new infective nidus.
Aggressive hyperventilation (partial pressure of carbon dioxide [PCO 2 ] < 28 mm Hg) is no longer used in neurocritical care practice due to the recognized risk of vasoconstriction and consequent brain ischemia.
11 In any event, our patient could not be hyperventilated because the increased cerebral blood flow velocities already established with TCD meant the risk of vasoconstriction, and ischemia precluded further safe reduction in PCO 2 . The use of barbiturate coma for ICP control was the subject of a comprehensive Cochrane review that concluded this method should be avoided. 12 This recommendation is grounded in the observation that barbiturates can depress hemodynamics and worsen cerebral perfusion and neurologic outcomes. In the present case, in a patient already requiring inotropes to maintain hemodynamic stability, barbiturates were deemed not to be an option. Mild hypothermia has been shown to be an effective method of ICP control. [13] [14] [15] [16] It is thought that the neuroprotective effect of hypothermia is related to a beneficial reduction in brain metabolism, lessening edema and free radical production and leading to less secondary brain injury. 7 Hypothermia may additionally inhibit some of the deleterious processes specific to bacterial meningitis, many of which have been shown to be temperature dependent.
17,18
In the situation described here, hypothermia remained the only second-tier therapy available due to the contraindications to other measures described earlier. The Thermogard XP system rapidly decreased core body temperature in our patient and allowed ICP to be kept below 20 mm Hg. Despite this, our patient did not develop shivering or require additional sedation or paralysis. This is in line with support in the literature for a decreased incidence of shivering during Thermogard system use when compared with other methods of attaining therapeutic hypothermia.
19-22
Optimal duration of therapeutic hypothermia is yet to be defined, 22 with strong guidelines existing only for hypothermia following cardiac arrest and in neonates with hypoxicischemic encephalopathy, 13, 23, 24 suggesting that these groups should be cooled for 24 hours. Strong evidence in other patient groups is lacking. It is extremely important to strike a balance between the risk of ICH recurrence in early rewarming and the risk of complications developing from prolonged hypothermia, either of which can worsen outcomes.
15,25,26
Our attempts to terminate hypothermia as soon as possible and to rewarm the patient at 24-and subsequently at 48-hour intervals were unsuccessful until day 7 of hypothermia due to immediate ICH recurrence, highlighting differences in the pathogenic mechanisms of cerebral edema after cardiac arrest and in ongoing meningitis. It is apparent that the mechanisms resulting in brain edema in patients with meningitis remain in effect for several days, whereas in post-arrest patients the influence of these factors recedes earlier. It is noteworthy that 7 days of catheter-mediated therapeutic hypothermia did not lead to any complications in this case. Seven days is the maximum advised duration of therapy as recommended by the manufacturers. To minimize complications, we used a therapeutic dose of low molecular weight heparin throughout cooling and supplemented this with daily ultrasound examinations of the lower extremities, as well as careful aseptic technique on insertion of the catheter and meticulous care of the puncture site. It seems reasonable to suggest that hypothermia initiated for ICP control in patients secondary to meningitis should be continued for at least 72 hours, with this time period extended further if clinically warranted. The safety and efficacy of prolonged use of the Thermogard system is also supported by this case.
Sadly, the outcome in this case was less than optimal, with the patient discharged in a minimally conscious state. The risk of such unfavorable neurologic outcomes is always high in situations when first-tier therapy is ineffective and secondtier options are limited. The risk of such outcomes cannot be a contraindication for the use of hypothermia in such patients, although its judicious use should be discussed within the treating multidisciplinary team and with patients' families.
Experiences such as these mandate the exploration of further strategies combining hypothermia with other approaches to improve outcomes. Such combinations have been fruitful in studies of malignant stroke, where hypothermia combined with decompressive hemicraniectomy was proven effective. [27] [28] [29] Another successful example of such an approach is a combination of hypothermia and cerebral thrombolysis. 30 In patients with sellar region tumors, optimal polyhormonal therapy in conjunction with hypothermia may improve outcomes.
4,31

Conclusion
The case presented here outlines the lifesaving role of therapeutic hypothermia when other second-tier ICP management options are contraindicated or otherwise unavailable. The patient ultimately required 7 days of cooling with the Thermogard XP system, demonstrating its safety and efficacy during prolonged use. Although the neurologic outcome in this case was not optimal, hypothermia was undoubtedly lifesaving, and its combination with other neuroprotective therapies may result in improved outcomes in cases like these.
